ABSTRACT. Demecolcine (Colcemid), an inhibitor of spindle fiber formation in M phase, induced apoptosis in V79 cells. At a concentration of 0.01^g/ml demecolcine, V79 cells proliferated exponentially as well as controls, although temporal Mphase accumulation occurred 6 h after the addition of demecolcine. At 0.1 /*g/ml, the cells became hyperploid after remaining in the Mphase for some time. Apoptosis occurred in V79 cells exposed to demecolcine at a concentration of 0.03 /ug/m\. Apoptosis was defined as the appearance of a sub-Gl peak in DNAhistograms and a ladder pattern of fragmented DNAin gelelectrophoresis. Demecolcine (Colcemid) as well as colchicine prevents the formation of spindle fibers in M phase (8, 9 Apoptosis is a mode of cell death that involves the active participation of the cell in its own destruction and is distinct from necrosis. The general characteristics of apoptosis are well established. They consist of distinct morphological and biochemical changes that include cell shrinkage, cell surface blebbing, segmentation of the nucleus and extensive degradation of DNAinto oligonucleosomal-sized fragments (6, 10).
vents the formation of spindle fibers in M phase (8, 9) . We reported that V79, B16F10 and Meth-A cell lines are hyperploidized by demecolcine at a wide range of concentrations, but that HeLa-S3, L1210, K-562 and B16 melanoma cells are not (3, 4) . Because a characteristic of apoptosis was fortunately found out in DNAhistograms of V79 cells exposed to demecolcine, we examined whether apoptosis occurred in the cells. Apoptosis in cultured cells occurs within a relatively narrow range of concentrations of cell cycle inhibitors (5). Excess demecolcine induces the cessation of the cell cycle, resulting in cell death. V79 cells are suitable for studies of apoptotic cell death caused by demecolcine, because they hyperploidize by high concentratioons of this agent.
Apoptosis is a mode of cell death that involves the active participation of the cell in its own destruction and is distinct from necrosis. The general characteristics of apoptosis are well established. They consist of distinct morphological and biochemical changes that include cell shrinkage, cell surface blebbing, segmentation of the nucleus and extensive degradation of DNAinto oligonucleosomal-sized fragments (6, 10).
Oneof the most commonmeansof detecting apoptosis is DNAgel electrophoresis, in which DNAfragments can be seen as a "ladder" of bands equivalent to multiples of mononucleosomes or oligonucleosomes. Flow cytometry (FCM)can identify apoptotic cells as a subdiploid peak, after staining with DNAspecific dyes (1, 12) .
MATERIALS AND METHOD
Cells. V79 cells (Chinese hamster lung cell line) were maintained in a humidified atmosphere of 5%CO2at 37°C as a monolayer culture in a Leibovitz's L15 : Ham's F10 mixture (7 : 3) supplemented with 10% newborn calf serum (M.A. Bioproducts), streptomycin (100 //g/ml) and penicillin (50 units DNAgel electrophoresis. At various times after drug addition, the V79 cells were washed twice with PBS(~) and trypsinized. The cells were washed twice with TBE(45 mMTrisborate buffer, 1 mMEDTA, pH 8.0), resuspended in 1 ml PK buffer (100mM Tris-HCl pH7.5, 12.5 mM EDTA, 150mM
NaCl, 200 /ig/ml proteinase K (Sigma Chemical Co.), 0.1% 0.01 /xg/ml 0.03Mg/ml 0. SDS) and incubated at 50°C for 3 h. The suspension was extracted with phenol, chloroform and amylalcohol, then the DNAwas precipitated by ethanol. The DNAwas treated with 0.25% RNase (Type II-A, Sigma Chemical Co.) and incubated at 37°C for 30 min. Thereafter, 0.1 ml of loading buffer (0.25% bromophenol blue, 50mM Tris-HCl pH 8.0, 40% glycerol) was added, and 10/^1 of the solution was loaded onto an agarosegel. Horizontal 1.0% gel electrophoresis proceeded at 2.4 V/cm for 4 h, then DNAin the gels was visualized under UVlight after staining with ethidium bromide (5 /*g/ml).
RESULTS
To examine the cell cycle response of V79cells to various concentrations of demecolcine, DNAhistograms were obtained by FCM (Fig. 1) . Six hours after demecolcine addition, all the DNAhistograms, except that of the control, showed Mphase accumulation, suggesting that the cell cycle was inhibited by demecolcine. The histograms of V79 cells exposed to 0.01 ftg/m\ demecolcine were similar to the control at 12, 24 and 48 h after the drug addition, implying that the cells escaped from the Mphase blocking by demecolcine. The V79 cells exposed to 0.1 fig/ml demecolcine were 4c at 12 and 24 h, then they became hyperploid at 48 h after the drug addition. At a drug concentration of 0.03 fig /ml, the DNAhistograms were similar to that of the control 12 h after the drug addition. A sub-Gl peak suggestive of apoptosis appeared at 24 and 48 h after the drug addition. Weexaminedthe growth curves of the cell population exposed to several concentrations of demecolcine (Fig. 2) . Demecolcine at 0.01 //g/ml did not affect the cell growth of V79 cells, though FCMrevealed M phase accumulation. Demecolcine of 0.03 fig/ml inhibited the V79 cell growth from 6 h after the drug addition. The cell numberdid not increase at a concentration above 0.04 /ig/ml. The cell number did not increase at 0.03 fig /ml, though the V79 cells escaped Mphase blocking. Fluorescence micrographs of V79cells exposed to several concentrations of demecolcine for 12 h are shown in Fig. 3 . Cells with a cluster-like nuclear morphology appeared at a demecolcine concentration of 0.03 fig /ml. DNAcondensation was observed at a concentration of 0.1 /ig/ml. The cell morphology was not different from that of the control at a concentration of 0.01 /ig/ml. Although cluster-like nuclear morphology and DNAcondensation were observed in the V79cells at the concentration of 0.03 and 0.1 /ig/ml, respectively, it
was not so evident to decide that the nuclear DNAfragmentation occurred. Wedetermined whether apoptosis was induced in V79 cells by several concentrations of demecolcine, by means of DNAgel-electrophoresis (Fig. 4) . The discon- DNAwas somewhat degraded in V79 cells exposed to 0.01 //g/ml demecolcine 24 h after the drug addition. However, we are not sure whether the pattern is ladder-like or not. DISCUSSION V79cells exposed to 0.03 /ig/ml demecolcine showed a sub-Gl peak in the DNAhistograms, little potential for cell growth, abnormal nuclear morphology and a ladder profile on DNAgel-electrophoresis. These results indicated that apoptosis was induced in V79 cells by 0.03 fig/ml demecolcine. This may be the first description of apoptosis by demecolcine. Demecolcine prevents the formation of spindle fibers in Mphase and hyperploidizes V79 cells at high concentrations (4). The hyperploidization can be explained using a cell cycle model, in which the cell cycle consists of two-linked cycle, DNAreplication and cell division (2, ll) . We proposed that the cell hyperploidized by Control 0.01 Aig/ml jtejjiifc^-jmn mf^Mff^^^^^^^fe^f^'1^^^uglily 0.03Atg/ml 0.1 Atg/ml demecolcine generates start signals for the DNAcycle before the drug affects the cell division cycle (3). Therefore, it seems that the long blockade in M phase would induce the entrance of hyperploid V79 cells into Gl phase.
It is of interest that apoptosis occurred within a narrow concentration range of demecolcine. At concentrations of 0.01, 0.03 and 0.1 //g/ml, V79 cells accumulated in Mphase after 6 h, then the cells escaped to the Gl phase of diploid (0.01 and 0.03 fjtg/ml) or tetraploid (0.1 /ig/ml). At 12 h after the drug addition, apoptosis only occurred at a concentration of 0.03 /ig/ml. Cell cycle progression might be required to start the mechanism of apoptosis. Hyperploid V79 cells showed the continuous DNA degradation in agarose gel-electrophoresis 24 h after demecolcine addition. Careful inspection of the DNA histograms 48 h after the drug addition revealed a cell population in the left-side of the Gl peak. This means that a part of the cell population died in the process of hyperploidization. At this stage, we cannot suggest any possible mechanisms by means of which demecolcine causes apoptosis in V79 cells. The mismatching between DNAreplication and cell division cycles might be a tentative explanation for the apoptosis induced by demecolcine, because i^^H^564 Fig. 4 . Electrophoregrams ofDNAisolated from V79 cells exposed to demecolcine. Lanes A, B, C and D correspond to a 12 h exposureto demecolcine of0, 0.01, 0.03 and 0.1 //g/ml, respectively. Lanes E, F, G and H correspond to a 24 h exposure to demecolcine of0, 0.01, 0.03 and 0.1 //g/ml, respectively. The marker DNAis represented in lane I by base pair numbers.
